In this study, ZSM-5 zeolite was synthesized using diatomaceous mud as the raw material, and then 
INTRODUCTION
Humic acid (HA) is an important component of natural organic matter produced by biological decomposition of organic matter from plants and other organisms. As primary natural organic matter, HA is noteworthy because it dissolves in water to produce a dark-colored solution, causing color, taste and odor problems in water use (Lin & Zhan ) . Moreover, HA molecules can bind various pollutants including toxic heavy metals and synthetic organic chemicals tightly, thus increasing the difficulty of removing these pollutants during drinking water treatment (Li et al. ) .
More seriously, HA can react with chlorine during drinking water treatment to form strongly carcinogenic disinfection by-products (Dong et al. ) . Thus, it is important to remove HA from water to provide clean drinking water and to prevent the formation of HA-derived compounds.
The main methods of removing HA included membrane filtration, coagulation/flocculation, oxidation, ion-exchange and adsorption (Lin & Zhan ) . Among them, adsorption is an important method with high removal efficiency, simplicity of design, ease of operation and no harmful by-products (Rashed ) . Recently, adsorption using low-cost adsorbents, which are abundant in nature or are waste materials from other industries, has become a hot research topic. Zeolite is a crystalline aluminosilicate of alkali and alkaline earth metals composed of SiO 4 and AlO 4 in a framework structure (Breck ) . In recent years, various types of zeolites have been proven to exhibit good affinity for HA (Li ZSM-5 zeolite is one of the most industrially important zeolites, which exhibits very similar properties to natural zeolites (Traa & Gehring ) . ZSM-5 has been studied and used extensively for adsorption of air pollutants (Bhatia et al. ) , in biomass pyrolysis (Foster et al. ) , in the petrochemical industry (Schmidt et al. ) and for adsorption/reduction of heavy metals (Shao et property, the Nd:Si molar ratios are 0:100, 1:100, 2.5:100
and 10:100.
Characterization
Chemical composition analysis was performed using an Axios X-ray fluorescence spectrometer (AXIOS, PANalytical, The Netherlands). X-ray diffraction (XRD) patterns were collected using a Bruker D8 advance diffractometer 
where R is removal efficiency (%), C 0 and C t are the initial and equilibrium UV 254 , UV 410 and COD content, respectively.
The comprehensive evaluation index in the orthogonal table is calculated by the following equation:
where K is combined removal efficiency, R 1 UV 254 removal, R 2 UV 410 removal and R 3 COD removal.
All the adsorption experiments were performed in batch mode taking three replicates and mean values are reported.
Standard deviations were found to be within ±3%.
RESULTS AND DISCUSSION Characterization
The Nd/ZSM-5 zeolite exhibits main XRD peaks (Figure 1) at 2θ degrees of 7. The scanning electron microscopy image of the sample is shown in Figure 2 . The sample exhibits typical crystalline particles with a size of 3-4 μm. It can be clearly seen that the Nd/ZSM-5 zeolite sample is a rounded crystal with a quite rough surface, which is typical for high aluminum contents.
The energy dispersive spectroscopy analysis spectrum of the Nd/ZSM-5 zeolite is presented in Figure 3 . The zeolite membrane layer consisting of O, Na, Al, Si and Nd atoms is revealed. The Si and Al atoms can be attributed to the ZSM-5 membrane. The content of Nd is very low ( and COD from the HA solution are listed in Table 3 . K 1 , K 2 , K 3 and K 4 are the sum scores of level 1, level 2, level 3 and level 4 for each factor; k 1 , k 2 , k 3 and k 4 are the average sum scores of level 1, level 2, level 3 and level 4 for each factor; R is the difference between the maximum and the minimum of the average values of the experimental results, under different levels of the same factor or the range. The higher the value of R is, the larger the influence of the factor is on the HA adsorption. The level which achieves the largest score is chosen as the optimal level of each factor. It can seen in Table 3 that the influences of various factors decrease in the following order:
Therefore, the optimal formulation was found to be A 3 B 2 C 1 D 3 E 4 , corresponding to: 35 W C, Nd:Si molar ratio of 1:100, 2.0 g/L zeolite, pH 4 and 50 min contact time.
Effect of operational factors on HA adsorption
The influences of five factors in the orthogonal experiments on HA adsorption were further explored by visual analysis. result, a lower adsorption capacity is observed at the higher Nd:Si ratios (2.5:100 and 10:100).
ZSM-5 has shown promising capacity to remove HA from water. Since HA-containing water can also include other molecules, the pH of the aqueous solution can vary, thereby influencing adsorption capacity. Therefore, in this study, four pH levels of 4, 6, 8 and 10 were used to investigate the effect of pH on HA removal. 
CONCLUSIONS
In summary, when Nd species was doped in ZSM-5 zeolite, the Nd/ZSM-5 zeolite shows higher adsorption capacity towards HA. Adsorption of HA by Nd/ZSM-5 was enhanced at acidic pH levels and higher temperatures. The results demonstrate that Nd/ZSM-5 is a potential wide-spectrum adsorbent for water treatment to remove different pollutants with fundamentally different chemical properties.
